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Abstract 
Background: Madagascar is a malaria-endemic country with an increase in cases in recent years. In vector control 
using insecticide, a susceptible strain is necessary to evaluate insecticide efficacy, either for spraying or on nets. The 
susceptibility of Anopheles arabiensis from Antananarivo, Madagascar to two organophosphate, three pyrethroid, two 
carbamate, and one organochlorine insecticides was investigated. Since 2010, An. arabiensis strain has been main-
tained away from insecticide source during 110 generations with optimal insectarium conditions.
Methods: Bioassay were performed on adult mosquitoes to assess the susceptibility of An. arabiensis to insecticide-
impregnated papers (malathion 5 %, fenitrothion 1 %, deltamethrin 0.05 %, permethrin 0.75 %, alphacypermethrin 
0.05 %, bendiocarb 0.1 %, propoxur 0.01 %, and DDT 4 %) following World Health Organization Pesticide Evaluation 
Scheme guidelines. Bioassay using Center for Disease Control bottle tests were also used to detect mortality. Molecu-
lar assay were carried out to detect the presence of knock down resistance (kdr) mutation using PCR techniques.
Results: Anopheles arabiensis is fully susceptible with 100 % mortality to malathion, fenitrothion, deltamethrin, per-
methrin, alphacypermethrin, bendiocarb, propoxur, and DDT. No kdr gene was detected using PCR method.
Conclusion: The strain An. arabiensis maintained in the insectarium of Institut Pasteur de Madagascar is a fully sus-
ceptible strain and can be used for insecticide evaluation.
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Background
Anopheles gambiae s.s., Anopheles arabiensis, Anoph-
eles mascarensis, Anopheles funestus, Anopheles merus 
and, recently, Anopheles coustani are the most impor-
tant vectors of malaria in Madagascar [1–5]. Malaria 
vector control constitutes one of the major malaria con-
trol strategy, to target a reduction in Anopheles vector 
density and prevent parasite transmission [6] by using 
insecticide through indoor residual spraying (IRS) and 
by implementing insecticide-treated bed net (ITN) mass 
distribution. In sub-Saharan Africa, malaria vector con-
trol programmes continue to rely heavily on IRS and [6, 
7], both of which depend on vector susceptibility to the 
insecticides used [8]. ITN and IRS have been proven to 
be effective in reducing the risk of infection with malar-
ial parasites, clinical disease and child mortality [9–11]. 
In Madagascar, vector control interventions avoided 
over 100,000 clinical cases of malaria in 2012 and 2013 
[12].
The World Health Organization (WHO) advises 
national programmes to evaluate insecticidal activity on 
nets and on treated walls [13]. Indeed, essential to the 
success of these vector control campaigns is the imple-
mentation of strong quality control procedures that mon-
itor programmatic effectiveness [14–16]. Long-lasting, 
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insecticidal-treated nets’ (LLINs) useful life may vary 
considerably from region to region [17, 18]. A net that is 
used year-round is likely to lose insecticide more rapidly 
due to handling and cleaning than a net that is used only 
seasonally [17, 19]. The efficacy of IRS may decay with 
time and must be re-applied frequently and it is impor-
tant to know the optimal application interval in the field 
depending on the residual life of the insecticide [10]. Pre-
vious studies have reported that insecticide residual life 
depends on the substrate to which it is applied [20, 21]. 
Evaluation of the residual activity of insecticide applied 
on treated substrates becomes a necessity when aiming 
for long-term efficacy of an IRS implementation cam-
paign. The World Health Organization Pesticide Evalu-
ation Scheme (WHOPES) recommends the use of a 
susceptible mosquito strain, whether to evaluate LLIN 
bio-efficacy or to determine efficacy of the residual insec-
ticide deposited on a wall over time. In both cases, cone 
bioassays are used [13, 22].
Rresults of a study is aiming to determine the suscepti-
bility status of An. arabiensis which is the only laboratory 
strain used for assessing quality control of malaria vector 
control tools across Madagascar.
Methods
Insectarium
The insectarium is composed of a breeding room divided 
into a rearing-larvae box of 25 sq m and an adult-main-
taining box of 15  sq  m. The larvae box is sustained at 
a temperature of 29  °C  ±  2 and adult mosquitoes are 
maintained at 27  °C  ±  2 with a humidity of 80  %. The 
insectarium uses a 12:12 light:dark schedule. This is 
accomplished by using a simple light timer.
Mosquitoes
The An. arabiensis strain has been grown at the Institut 
Pasteur de Madagascar since April 2010. It comes from 
Ambohimanambola (18°57′35.38″S; 47°35′53.91″E), 
southeast of Antananarivo in the Central Highlands of 
Madagascar. Adult mosquitoes were caught, in stables 
in the stage of digesting their blood meal, using manual 
aspirators and put into paper cups. Females were placed 
in cages made of netting, and their eggs were conducted 
into petri dishes containing cotton covered with a wet fil-
ter paper.
Anopheles arabiensis rearing and colony maintaining
Eggs from wild females were reared in the insectarium. A 
method which allows mosquitoes to lay eggs on wet filter 
paper was used. The eggs were harvested every morning. 
Once the eggs hatched, larvae stage I were removed using 
a dropper and distributed in batches into white plastic 
trays 9 cm high × 35 cm long × 25 cm wide, containing 
tap water 1-cm deep. The larvae were fed with laboratory 
animal diet powder. To avoid water evaporation, batches 
were covered with a Plexiglas plate.
At emergence, mosquitoes were placed in cages 
23 ×  23  cm made with plastic netting. One side of the 
cage had an opening for allowing the arm to perform 
various manipulations inside the cage. During the first 
20 generations, female mosquitoes were fed directly 
using a live rabbit. Due to restrictions on use and the 
difficulty of live animals in a research setting, artificial 
membrane methods were used: successively, pig blad-
der, chicken skin membrane and Parafilm M ®. From the 
70th generations, female mosquitoes were blood-fed with 
healthy sheep blood by using an artificial blood-feeder 
(Hemotek®) and they received a 10 % sucrose solution.
Insecticide susceptibility test
WHO bioassay tests
For each insecticide, 400 female mosquitoes 2–5 days old 
were exposed to diagnostic doses of various insecticides 
for susceptibility tests, using insecticide-impregnated 
papers, as described by standard WHO testing protocol 
[23].
Mortality resulting from tarsal contact with insecti-
cide-treated filter papers was measured using WHO 
test kits [23]. The tests were carried out using malathion 
5  %, fenitrothion 1  %, deltamethrin 0.05  %, permethrin 
0.75  %, alphacypermethrin 0.05  %, bendiocarb 0.1  %, 
propoxur 0.1 %, and DDT 4 %. Insecticide-impregnated 
papers were obtained from the Malaysian WHO Col-
laborating Centre at standard concentrations for deter-
mining resistance of adult mosquitoes. Four batches of 
25 unfed females were exposed to impregnated papers 
for 1  h. The number of knock-down mosquitoes was 
recorded every 10 min. Tests with untreated papers that 
served as control were run in parallel. At the end of the 
exposure period, mosquitoes were transferred into tubes 
with untreated white filter papers (known as holding 
tubes) and allowed a 24-h recovery period. All mosqui-
toes were provided with 10 % glucose water during the 
24-h recovery period. Mortality rate was recorded after 
24 h.
CDC bottle test
The principle of CDC bottle bioassay is to determine the 
time it takes an insecticide to penetrate an arthropod, 
traverse its intervening tissues, get to the target site, and 
act on that site relative to a susceptible control. Any-
thing that prevents or delays the compound from achiev-
ing its objective of killing the arthropods contributes to 
resistance.
Diagnostic doses that were applied in the present 
study were the doses recommended by CDC [24]. For 
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An. gambiae s.l., diagnostic doses were 12.5 μg per bot-
tle for deltamethrin and bendiocarb and 21.5, 100, 50 μg, 
respectively, for permethrin, DDT and malathion. The 
diagnostic time was 30 min except for DDT (diagnostic 
time  =  45  min). The solutions were prepared and the 
bottles coated according to CDC protocol [25]. Fifteen to 
25 unfed female mosquitoes aged two to five days were 
introduced into four 250-ml Wheaton bottles coated 
with insecticide and one control bottle coated with ace-
tone only. The number of dead or alive mosquitoes was 
monitored at different time intervals (15, 30, 35, 40, 45, 
60, 75, 90, 105, 120 min).
PCR detection of the kdr mutation
One-hundred mosquitoes were used for PCR assays. 
Each mosquito was extracted using two or three legs 
following the protocol described by Cornel and Collins 
[26]. Leg extractions were used to genotype samples 
for the kdr allele, using a PCR diagnostic test for detec-
tion of kdr ‘Leu-phe’ mutations following the protocol 
described by Martinez-Torres [27]. Thermocycler con-
ditions consisted of an initial denaturation step of 94 °C 
for 5  min, 30 cycles of 94  °C for 30  s, 50  °C for 30  s, 
72 °C for 30 s, followed by a final extension of 72 °C for 
5 min.
Data interpretation
If the mortality in control batches was greater than 5 %, 
observed mortality rates were corrected by using Abbot’s 
formula [28]. Susceptibility status of An. arabiensis labo-
ratory strain was determined according to the standards 
of WHO [24]. A mortality ranged between 98 and 100 % 
indicates susceptibility. An observed mortality between 
90 and 97 % may indicate a resistance and resistant genes 
should be confirmed. If mortality is less than 90  %, the 
population is considered as resistant and the resistance 
mechanisms must be identified.
Results
Susceptibility status
Table 1 shows the insecticide susceptibility status of the 
An. arabiensis strain from the insectarium of the Institut 
Pasteur de Madagascar. An. arabiensis is fully suscep-
tible when exposed to all four insecticide classes. With 
the two organophosphates, mortality was, respectively, 
99.8 and 100 % for malathion 5 % and fenitrothion 1 %. 
Mortality was also high with pyrethroids, reaching 99.7 % 
with deltamethrin 0.05 and 100 % with both permethrin 
0.75  % and alphacypermethrin 0.05  %. For carbamates, 
high mortality rates were observed after exposing An. 
arabiensis individuals to bendiocarb 0.1 % and propoxur 
0.1 %, with mortality rates, respectively, equal to 99.5 and 
99.8 %. For organochlorine, the mortality rate was 99.8 % 
with DDT 4 %. No dead mosquitoes were recorded when 
mosquitoes issued from the same strain were exposed to 
impregnated control paper.
Anopheles arabiensis was fully susceptible to deltame-
thrin, bendiocarb, permethrin, DDT, and malathion with 
a mortality rate of 100 %. An. arabiensis laboratory strain 
was knock-downed after 30  min in CDC-coated bottle 
with deltamethrin, bendiocarb, permethrin, and mala-
thion and after 45 min with DDT.
Detection of kdr genes by PCR
The kdr mutation is missing in all 100 mosquitoes tested. 
No band warranting resistant allele (195 bp) was detected 
through PCR test (Fig. 1).
Discussion
This study describes a successful colonization of An. 
arabiensis in the laboratory. At first authors managed to 
establish a colony of An. arabiensis in Dakar (Senegal) 
[29]. Then, many studies focused to the improvement 
of An. arabiensis rearing, from several localities. All of 
these studies focused on larval development rate and 
Table 1 Susceptibility data of Anopheles arabiensis recorded according to both WHO and CDC methods
Classes Insecticides WHO test CDC bottle test
N Mortality af.  
24 h (%)
N Mortality af.  
diagnostic time (%)
Organophosphates (OP) MALATHION 5 % 402 99.8 100 100
FENITROTHION 1 % 400 100 – –
Pyrethroids (PY) DELTAMETHRIN 0.05 % 401 99.7 102 100
PERMETHRIN 0.75 % 398 100 100 100
ALPHACYPERMETHRIN 0.05 % 400 100 – –
Carbamates (C) BENDIOCARB 0.1 % 401 99.5 101 100
PROPOXUR 0.01 % 400 99.8 – –
Organochlorine (OC) DDT 4 % 401 99.8 100 100
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wing length by studying the best larval breeding con-
dition that would allow larval growth and survival for 
mass mosquito rearing [30–35]. In the current observa-
tion, the breeding productivity of An. arabiensis showed 
important difficulties to adapt in laboratory conditions. 
In the insectarium of Institut Pasteur de Madagascar, 
the percentage of hatched eggs was 40 %, which is rela-
tively low compared to the average rate obtained with 
An. arabiensis (Dakar’s strain) in insectarium, estimated 
at 54.4 % [29] and increasing from generation to genera-
tion. Regarding emergence rate, results in this current 
study are similar to those reported by Diop et  al. [29] 
with 95 %, allowing obtaining enough adults for the next 
generations.
The results of WHO bioassay test on An. arabiensis 
laboratory strain in the present study highlight the full 
susceptibility of this strain to insecticides. Compared 
to laboratory-reared An. arabiensis adults (KGB strain, 
originated from the Zambezi Valley, Zimbabwe) known 
to be susceptible to deltamethrin 0.05  % and bendio-
carb 0.1 % [23], both populations have a mortality rate of 
100 %. Using DDT 4 %, permethrin 0.75 %, the mortal-
ity rate was 100 % showing the fully susceptible status of 
An. arabiensis Institut Pasteur de Madagascar strain. The 
same results were obtained with the main susceptible ref-
erence strain An. gambiae KISUMU strain in the Repub-
lic of Cameroon [36] and in Tanzania [37].
With propoxur 0.1  % and fenitrothion 1  %, current 
results corroborate with results obtained with the ref-
erence strain An. gambiae (KISUMU strain) in Côte 
d’Ivoire [38] with 100 % mortality rate. No resistance was 
detected for the organophosphorus insecticide malathion 
5 %. The mortality rate of An. arabiensis Institut Pasteur 
de Madagascar strain showed 100 % mortality just as sus-
ceptible as An. arabiensis Durban strain in Mozambique, 
with lambda-cyhalothrin 0.05  %, deltamethrin 0.05  %, 
permethrin 0.75 %, bendiocarb 0.01 %, propoxur 0.01 %, 
malathion 5 %, and DDT 4 % [39]. High mortality rates 
obtained with CDC bottle test corroborate the 100  % 
mortality rate of An. gambiae KISUMU strain exposed to 
permethrin, deltamethrin and bendiocarb [40, 41]. All in 
all, An. arabiensis Institut Pasteur de Madagascar strain 
shows the same susceptibility patterns as the most used 
susceptible Anopheles strains.
As preconized by WHOPES, when a compound is 
submitted for an evaluation, it should be tested against 
a susceptible reference strain, i.e., a strain which is con-
sidered to present the highest susceptibility level to the 
main classes of insecticides [22]. Such reference-sus-
ceptible strains exist for regionally important Anopheles 
species: Anopheles albimanus [42], Anopheles darlingi 
[43], Anopheles culicifascies, Anopheles stephensi [44, 45], 
Anopheles quadriannulatus [46], Anopheles minimus [47], 
An. arabiensis with different strains depending on the 
region [46, 48, 49], and An. gambiae Kisumu strain [50]. 
Considering bioassay results with An. arabiensis Institut 
Pasteur de Madagascar strain, its high susceptibility to all 
tested insecticides within four classes corroborate the def-
inition of a susceptible reference strain [13, 22].
Conclusion
This study confirmed the full susceptibility of An. ara-
biensis (Institut Pasteur de Madagascar strain). As com-
pared to other laboratory reference strain, this strain 
must be considered as a reference susceptible strain, fully 
recommended by WHO for evaluating the quality con-
trol of malaria vector control tools.
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